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ANALYSIS OF RESIDENTIAL ELECTRIC DEMAND
IN SOUTHWESTERN INDIANA
*

Mangi L. Agarwal
University of Evansville
Evansville, Indiana

ABSTRACT
This study analyzes the residential demand for electricity in the Southern Indiana
Gas and Electric Company service area. It explores the many variables which may
contribute to electricity consumption. It also attempts to synthesize various
weather and climatic data into one variable called the "comfort index" which may
explain part of the electricity consumption. In estimating the demand equations,
monthly data for twelve years have been used.

1.

INTRODUCTION

Electricity is currently man's most usable form of
energy. As supply of oil and gas diminishes, coal
and nuclear fuels can be expected to play an increas
ingly important role as primary energy sources.
Electricity seems to be the main form of energy medi
ating between the "future" primary energy sources and
its ultimate users. Hence, it can be expected that
the economy will, slowly, tend to go all-electric.
It is, thus, becoming increasingly important to
explore the dynamism of the electrical economy.

In this study, demand for electricity, KWHRES, is
specified as a function of EHCUST, PELEC, PGAS,
POTHER, YDEX, HDD, CDD, HUMI, WWV, and SWV. Average
prices of electricity and gaseous fuels (PELEC, PGAS)
have been used in the specification of the demand
equations. Because of declining block rate structure
average price in both the cases does not equal the
marginal price. Theory of marglnality states that a
consumer, in order to maximize his utility, tends to
consume a commodity up to the extent when its margin
al price becomes equal to its marginal utility for
him. Hence, theoretically, marginal price is the
influencing factor*
However, utility (electricity
and gas) bill of an average residential consumer is
only a small part of his total household budget.
It
is assumed in this study that an average consumer, in
the case of electricity and gaseous fuels, acts only
on the average price.

Many studies (10) have focused their attention on
analyzing the residential demand for electricity on
the national level. Relatively few studies have
attempted to analyze the local or regional demand for
electricity in the residential sector. The local
level studies are especially useful for the local
utility concerned. This study attempts to apply the
existing methodology in a local situation.
2. METHODOLOGY
Monthly data for 12 years, 1966 through 1977, have
been used in this study. For Southern Indiana Gas
and Electric Company service area, data collected
Include KWH sales per residential customer (KWHRES),
percent of electric heat customers (EHCUST), average
electric price in cents per KWH (PELEC), average
natural gas price in cents per 1000 cubic feet (PGAS)f
national GNP deflator (POTHER), area economic index
(YDEX), heating degree days (HDD), cooling degree
days (CDD), average relative humidity (HUMI), average
winter wind velocity in miles per hour (WWV), and
average summer wind velocity in miles per hour (SWV).
*

In the demand equation, GNP deflator (POTHER) has
been used to represent the price of other competing
commodities. Area economic index (YDEX) has been
used to represent the average household income. Area
economic index, similar to GNP index, is accumulated
by the local chamber of commerce.
Frequently, it is possible to determine the expected
sign of a regression coefficient on apriorl grounds.
In the equations used in this study, signs of re
gression coefficients corresponding to EHCUST, PGAS,
POTHER, YDEX, HDD, CDD, HUMI (in summer only), and
WWV can be expected to be positive. Signs of co
efficients corresponding to PELEC, and SWV only can
be expected to be negative.

The author wishes to acknowledge his sincere appreciation for the assistance provided by his
graduate students Gil Bockelman and Ray Lagrange in preparing this study.
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Following Box and Cox (2), and Zarembka (11), this
study also attempts to determine the functional form
of the equations using the maximum likelihood tech
niques.
As developed by Box and Cox (2), ^ has been
termed as functional form parameter where % - 1
corresponds to a linear model, and ^ - 0 corresponds
to a linear logarithmic model.

In the first stage of the study, all the climatic
variables were explicitely included. Box and Cox
(2) method of functional form analysis was unable
to provide any clear cut statistically superior
functional form. Finally, simple linear form was
selected based on considerations other than the
maximum log likelihood value (2). The estimated
equation is

This study in the second stage, attempts to synthesize
all the climatic variables into one variable called
COMFORT INDEX. Construction of the comfort index has
been based primarily on ad hoc considerations. It is
envisioned that the comfort index methodology can
greatly enhance the ability to analyze the effects of
climatic variables on the residential demand for elec
tricity
Comfort is a relative concept and has po
tential psychological bearings. It is possible to in
clude survey data, measuring the consumers' attitude
toward electricity consumption, into the comfort index
cons truction.

KWHRES S 225.5 + 2699.2 EHCUST* - 250 .3 PELEC*
(1.01) (1.72)
(-5.09)
•+ 365.1 PGAS* +
(6.41)

•+ 0.15 HDD* +- 0.50 CDD* +
(4.06)
(5.89)

490.2 HUMI*
(3.95)

- 7.46 WWV - 16.27 SWV* ............. (1)
(-1.01)
(-1.80)

In this study, for most comfortable climatic situation,
about 65*F without much wind, the comfort index has
been given a value of zero. Hence, for a monthly heat
ing degree days (HDD) of up to 50, comfort index re
mains zero. For HDD between 51 and 100, it becomes 1.
After that, for each successive 150 value of HDD, it
goes up by unity. Similarly, for monthly cooling de
gree days (CDD) of up to 50, the comfort index remains
zero. After that, for each successive 100 value of
CDD up to 550, it goes up by unity. Above 550, for
each successive 75 value of CDD, the comfort index goes
up by unity. Relative humidity has been considered
for summer months only. If relative humidity is above
557. but below 7171, the comfort index is increased by
one. Between 717. and 857. of relative humidity, com
fort index is increased by two. And for the relative
humidity of 867. and above,
the comfort index is
jacked up by 3. In the case of winter wind velocity
(WWV), WWV between 6 and 12 miles per hour increases
comfort index by 1, between 13 and 20 by 2, between
21 and 30 by 3, and WWV of above 30MPH increases com
fort index by 4.

where student t-statistlc is listed in the paren
theses below each coefficient and the D-W statistic
is 1.389. Multiple coefficient of determination
(R2), adjusted for degrees of freedom, for the above
equation is 0.8521. All the variables, significant
at least at .05 level, are marked with an asterisk.
In equation (1), price elasticity of electricity
consumption, computed at the mean level, is
(-250.3) * (mean of PELEC) / (mean of KWHRES), which
equals -1.05. All the variables except POTHER, YDEX,
and WWV are significant at least at .05 level. Also,
the coefficients of all the significant variables
carry the same sign as a priori determined. POTHER
and YDEX, though not significant at .05 level, also
carry the correct sign. Only the coefficient of
WWV, not significant at .05 level, does not have the
expected sign. The explanatory variables, as a
group, explain more than 857. of the variation in the
dependent variable.

Work on the construction of comfort index is still
continuing. Above example indicates one of the simple
ways in which the comfort index can be constructed.
This paper reports the results of using the comfort
index which was constructed in the manner described
above. Here, one can notice that as the climatic
conditions deteriorate, the value of constructed com
fort index increases, and energy requirements for
maintaining the indoor comfort goes up. Hence, the
comfort index and electricity consumption are positive
ly correlated.
Strictly speaking, the comfort index
described above can be appropriately termed as
"uncomfort" index.
3.

1.29 POTHER-+ 0. 33 YDEX
(1.20)
(0.28)

In the second stage of the study, all the climatic
variables were combined into Comfort Index (COMDEX)*
In this case also, simple linear form was selected
based on considerations other than the maximum log
likelihood value (2). Using the same technique as
in equation (1), equation (2) describes the estim
ated demand when COMDEX is used.
KWHRES s 704.2*
(3.2)

-I- 4407.8 EHCUST* - 356.2 PELEC*
(2.54)
(-6.77)

+ 553.6 PGAS* ■+ 1.63 POTHER - 1.77 YDEX
(12.31)
(1.38)
(-1.42)

EMPIRICAL RESULTS

Personal judgement, based on understanding of the un
derlying phenomena, is a necessary part of the pro
cess of selecting the variables to be included in the
regression equation. One practical approach, which
was used in this study, may be to include the variables
based on judgemental insights of the underlying phenom
ena and, then, final alteration may be done by taking
help of statistical consideration.

+ 23.61 COMDEX*
(5.19)

...................... (1)

(R2 adjusted for degrees of freedom
Durbin-Watson Statistic s 1.045)
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z

0.8033,

Equation (2) provides result similar to equation (1).
All the variables, significant at least at .05 level,
have the correct sign. Rz bas slightly decreased.
Price elasticity of electricity consumption, computed
at mean level, is approximately -1.48. It can be
noted here that the price elasticity, computed from
equations (1) and (2), is similar to long term price
elasticity found by others (10).
4.

9.

10. Taylor, L.D. "The Demand for Electricity: A
Survey,
" The Bell Journal of Economics. Soring
1975
11. Zarembka, P. "Functional Form in the Demand for
Money," Journal of the American Statistical
Association^ LXIII, June, 1968, pp. 502-511.

CONCLUSIONS

This study, utilizing the existing methodology,
attempted to analyze the residential electric demand
on a local level. The results obtained are similar
to ones found in the studies done for the entire
nation.

6.

The use of comfort index does seem to have potential
as a powerful tool for analyzing the effects of cli
matic variables on the residential use of electricity.
Further work needs to be done in improving the meth
odology for constructing a comfort index. As the
energy crisis continues and the economy tends to go
all electric, certain conservation norms may gradu«lly become entrenched. A comfort index can be built
according to the changing norms. For forecasting pur
poses, looking at the climatic variables in the form
of comfort index, does seem to provide a valuable
perspective especially when the norms can be expected
to change in the future.
5.
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